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Daily prophylactic application of either
l.O0/o silver sulfadiazine cream or
0.10/0 gentamicin cream was compared
for effectiveness In preventing bacterial
colonization of burn wounds and
sepsis. Pseudomonas aeruginosa
colonized the wounds of 370/o of the
38 patients treated with silver
sulfadiazine and 300/o of the 33 patients
treated with gentamicin; gentamicin-
resistant P. aeruginosa colonized the
wounds of 210/0 of the patients treated
with gentamicin. Staphylococcus aureus
colonization occurred in 550/0 of the
patients treated with silver sulfadiazine,
whereas colonization with Candida
species occurred in 580/o of the patients
treated with gentamicin. Although
gentamicin-resistant organisms caused
no deaths their repeated appearance
resulted in discontinuation of prophylaxis
with gentamicin cream. The next year
P. aeruginosa strains resistant to
gentamicin were isolated from burn
wounds of only two patients who had
not previously received parenteral
therapy with gentamicin or tobramycin.
Gentamicin cream should be reserved
for treating patients with wounds
infected by gentamicin-sensitive
P. aeruginosa and those allergic to sulfa
drugs. For most patients with burn
wounds silver sulfadiazine is safe and
effective as an antibacterial agent
for topical prophylaxis.

Des applications quotidiennes d'une
creme de sulfadiazine d'argent & 1.00/0
on d'une creme de gentamicine a
0.1 0/o ont et6 comparees pour leur
efficacite respective dans Ia prevention
de Ia colonisation bacterienne des
brOlures et de Ia septicemie. Le
Pseudomonas aeruginosa a colonis6
les brOlures de 370/o des 38 patients
trait6s a Ia sulfadiazine d'argent et de
300/o des 33 patients traites a Ia
gentamicine; des souches de P.
aeruginosa r.sistantes a Ia gentamicine
ont colonise les brOlures de 21 0/o des
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patients traites & Ia gentamicine. Une
colonisation par le Staphylococcus
aureus est survenue chez 550/o des
patients traites a Ia sulfadiazine
d'argent, alors qu'une colonisation par
Candida sp. a ete observee chez 580/0
des patients traites a Ia gentamicine.
Bien que les germes resistants a Ia
gentamicine n'aient entrain6 aucun
decAs, leur apparition repet6e a resulte
en l'arr&t du traitement preventif avec
Ia creme a Ia gentamicine. L'annee
suivante, des souches de P. aeruginosa
r6sistantes a Ia gentamicine ont ete
isolees des brOlures de seulement
deux patients qui n.avaient pas re.u
precedemment de gentamicine ou de
tobramycine. La crAme & la gentamicine
devrait Atre r6serv6e au traitement
des patients ayant une plaie infect6e
par une souche de P. aeruginosa
sensible A Ia gentamicine et de ceux
qui sont allergiques aux sulfamides.
Pour Ia plupart des brOles Ia sulfadiazine
d'argent est sOre et efficace comme
agent antibacterien en traitement
prophylactique local.

Gentamicin has been widely used in
Canada for topical prophylaxis
against burn wound sepsis. Since
1969 our burn units had routinely
used gentamicin topically, with satis-
factory results. However, the appear-
ance of gentamicin-resistant Pseudo-
monas aeruginosa in the wounds of
25% of the 130 patients so treated
caused concern.1 After a long period
of evaluation24 silver sulfadiazine be-
came commercially available in
1975. To compare the effectiveness
of these two agents in preventing
bacterial colonization and sepsis in
burn wounds, we treated 71 patients
having major burns with daily ap-
plication of either silver sulfadiazine
or gentamicin during an 18-month
period.

Methods

Patient selection

To be eligible for the study a
patient had to have been admitted
within 24 hours of being burned, had
to have a burn covering more than
10% of the body surface and could
not have previously received topical
antibacterial therapy. Adults and

children were treated in separate
burn units, each of which was part
of a general plastic surgery ward at
the Health Sciences Centre, Winni-
peg. Within the adult and pediatric
groups eligible patients were sub-
divided into two groups - those
with smaller burns (covering 11 %
to 40% of the body surface) and
those with larger burns (covering
41 % or more of the body surface).
Within each group the patients were
numbered consecutively in order of
admission. The odd-numbered pa-
tients were treated with silver sulfa-
diazine and the even-numbered with
gentamicin. Patients treated for less
than 7 days were removed from the
study. Between July 1974 and Janu-
ary 1976, 49 adults and 22 children
qualified for the patient group
studied.

Wound care

All patients were bathed daily in
tap water in a Hubbard tank (Hub-
bard Scientific Co., Northbrook,
Illinois) with a disposable liner; com-
pressed air bubbles introduced
through perforations in the liner
agitated the water. The wound was
covered with a thin layer of either
1.0% silver sulfadiazine cream, in
38 patients, or 0.1% gentamicin
cream (Garamycin), in 33 patients,
and dressings were applied to all
areas except the face and perineum.
The silver sulfadiazine cream used
for the first 6 months of the study
was prepared in the hospital phar-
macy; thereafter a commercial prod-
uct (Flamazine) was used. Patients
with burns of the eyelids were treated
with sulfacetamide sodium ointment
or eyedrops (Sodium Sulamyd) if
they were receiving silver sulfadiazine
therapy, or polymyxin B-neomycin
ointment (Neosporin) or gentamicin
ointment (Garamycin) if they were
receiving gentamicin therapy. Five
patients being treated with silver sul-
fadiazine and two patients being
treated with gentamicin were also
treated with the debriding agent suti-
lains (proteolytic enzymes derived
from Bacillus subtilis), as an oint-
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ment (Travase), during the first 7 to
10 days after the burn. To exclude
any influence the sutilains may have
had on bacterial colonization we did
not consider in subsequent data
analysis organisms isolated from the
wound during the period of applica-
tion of this agent or for 7 days there-
after.

Daily application of the antibac-
terial agents was continued until the
wound was healed in patients with
partial-thickness burns, and until the
first grafting procedure was com-
pleted in patients with full-thickness
burns. In some patients daily applica-
tion to all nongrafted full-thickness
burns continued uninterrupted after
grafting, while in others daily appli-
cation was interrupted or stopped
after the first grafting procedure.

Systemic antibiotic therapy
Penicillin or erythromycin was

given during the first week to all
except five patients to prevent colon-
ization with group A streptococci.
Thereafter antibiotics were used sys-
temically as necessary to treat recog-
nized established infection. Methicil-
lin was chosen for infection with
Staphylococcus aureus and carbeni-
cillin for infection with P. aeru-
ginosa.

Bacteriologic studies
Swabs were taken from one or two

representative areas of the bum
wound every Monday and Thursday
and cultured aerobically. Growth was
rated from 0 to 4+. Colonization
was defined as 2+ growth or more
of the same species from swabs ob-
tained on two or more consecutive
sampling days. The requirement for
serial isolation eliminated the con-
sideration of transient flora. Sensi-
tivity to gentamicin was determined
for all P. aeruginosa isolates by the
disc method of Bauer and Kirby'
and the agar dilution technique of
Steers, Foltz and Graves.6 The or-
ganism was considered to be resistant
if the zone of inhibition around the
10-pg disc was 12 mm or less and
the minimum inhibitory concentra-
tion was greater than 12.5 ,.Lg/mL.
Pyocine typing by a modification of
the method of Govan and Gillies7
was done on all isolates of P. aeru-
ginosa from burn wounds and on all
isolates from other patients on the
ward during the study period. The
resulting information was used to

determine if patient-to-patient trans-
fer of resistant strains was occurring
or if a reservoir of resistant organ-
isms existed on the burn ward. Epi-
sodes of burn wound sepsis and sep-
ticemia were noted and the respon-
sible organisms were identified in
each group.

Follow-up study
The comparative study ended in

January 1976, and the last patient
treated topically with gentamicin was
discharged 2 months later. Between
April 1976 and April 1977 wound
colonization was monitored by the
same method as during the study
period and identical studies of P.
aeruginosa isolates were carried out.

Results

Patient characteristics
The characteristics of each group

of patients are detailed in Table I.
The groups were comparable with
respect to age and extent of burn
except that a higher proportion of
patients receiving silver sulfadiazine
therapy than of patients receiving
gentamicin therapy (80% v. 63%)
had third-degree burns.

I - I
genes faecalis, were more common in
the group treated with silver sulfa-
diazine. S. aureus colonization of
wounds occurred in 55% of the
patients treated with silver sulfadia-
zine but only 21 % of those treated
with gentamicin, while Candida col-
onization occurred in 58% of the
patients treated with gentamicin but
only 11 % of those treated with silver
sulfadiazine. Although freedom from
bacterial colonization of wounds dur-
ing the entire treatment period was
more frequent in the gentamicin-
treated group, fungal colonization
was much more frequent in this
group than in the group treated with
silver sulfadiazine (58% v. 11%).
P. aeruginosa colonization

Data for P. aeruginosa coloniza-
tion in the two treatment groups are
compared in Table III. In seven pa-
tients treated with gentamicin the

Colonization of burn wounds
The proportions of patients in

each group whose wounds were col-
onized with various organisms are
compared in Table II. P. aeruginosa
colonized the wounds of 37% of the
38 patients treated with silver sulfa-
diazine and 30% of the 33 patients
treated with gentamicin. The other
gram-negative organisms, except for
the nonfermenting organism Alcali-
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wounds were colonized by a genta-
micin-resistant strain of P. aerugi-
nosa; in six of the seven the resistant
strains appeared during the period
of consecutive daily application of
gentamicin. Resistant strains ap-
peared on average 19 days after
topical antibacterial therapy was
begun.

Pyocine typing was used to identify
strains of P. aeruginosa colonizing
the wounds of more than one patient
at the same time; the results are
shown in Table IV.

In four of the six children whose
wounds were colonized with P. aeru-
ginosa the strain was type lj. Three
of the four children were treated
within a 3-month period; a resistant
strain was isolated from the wounds
of the first patient treated, but only
sensitive strains were isolated from
the wounds of the two patients
treated subsequently. The fourth
child's wounds were colonized with
a sensitive lj strain 6 months later.
A further 9 months later a brother
and sister of almost identical weight
and distribution of bums (covering
50% of the body surface) were
treated, one with each agent, in the
same room. They were bathed in
random order in the same tub. The
wounds of the child receiving genta-
micin were colonized with a type 34
strain, which became resistant 35
days after the child was burned. Two
weeks after that strain became re-
sistant the wounds of the other child
became colonized with a sensitive
organism of a different but untypable
strain.
Among the 18 adults whose

wounds were colonized with P. aeru-
ginosa a few pyocine-type strains
were identified in more than one
patient, but not at the same time.
Never did a particular resistant strain
colonize the wounds of more than
one patient at the same time. These
findings indicated that patient-to-

patient transmission of resistant
strains was not occurring and that
no reservoir of resistant organisms
existed on the burn ward.

Gentamicin-resistant P. aeruginosa
colonized the wounds of two patients
treated with silver sulfadiazine. One
had completed 10 days earlier a
5-day course of gentamicin admin-
istered intravenously because of burn
wound sepsis caused by Enterobac-
ter. The other had been treated with
polymyxin B-neomycin ointment for
eyelid burns, although the protocol
called for sulfacetamide sodium oint-
ment.
Burn wound sepsis and septicemia
requiring treatment

Data for the patients with burn
wound colonization who required
systemic antibiotic treatment are
compared in Table V. In some pa-
tients more than one organism was
isolated. Two patients treated with
silver sulfadiazine died of septicemia,
one of Kiebsiella infection 35 days
after being burned, and the other of
S. aureus infection of a decubitus ul-
cer after skin grafting was complete.
Five of the nine patients whose
wounds were colonized by resistant
P. aeruginosa had burn wound sepsis
and one of them also had septicernia;
all were successfully treated with
carbenicillin.

In the silver sulfadiazine group two
patients died from burn wound sep-
sis; two other patients died of pneu-
monia. In the gentamicin group two
patients died of pulmonary edema
and one of pneumonia.

Results of follow-up study
Between April 1976 and April

1977, 82 patients with fresh burns of
all sizes were treated, 25 with silver
sulfadiazine cream, 19 with framy-
cetin sulfate (Sofra-Tulle) as a tulle
gras dressing, 5 with povidone-iodine
and 33 with no topical antibacterial.
The prophylactic use of gentamicin
had been discontinued in January
1976. The wounds of 18 patients
were colonized by P. aeruginosa
(Table VI). The strains were genta-

micin-resistant in eight patients,
seven of whom had been treated with
silver sulfadiazine and one of whom
had not been treated with applica-
tions of an antibacterial (Table VII).
Of these eight patients five had re-
ceived gentamicin and one tobramy-
cm parenterally before the resistant
strain appeared; the other two had
not previously received parenteral
aminoglycoside therapy. Of the 10

Mortality
The patients in this study were

preselected in that all had survived
for 7 days after being burned. The
expected mortality, calculated from
the mortality probability chart of
Bull,8 and the actual mortality in
each group are shown in Table I.
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patients with 'gentamicin-sensitive
strains 2 subsequently received gen-
tamicin topically and systemically
and the organisms were eliminated
without subsequent appearance of
resistant strains. In general the bums
were much more extensive in the
patients from whom resistant organ-
isms were isolated, and the resistant
strains appeared on average 1 week
later than the sensitive strains (Table
VII).

Discussion

Neither silver sulfadiazine nor gen-
tamicin used topically prevented mi-
crobial colonization of burn wounds.
P. aeruginosa colonized the wounds
of 37% of the patients treated with
silver sulfadiazine and 30% of the
patients treated with gentamicin.

The main problem revealed in this
study was the continued appearance
of gentamicin-resistant P. aeruginosa
in the wounds of patients treated
topically with gentamicin, an anti-
bacterial agent that has been rec-
ommended specifically to suppress
this organism. Moreover, the resist-
ant strains disappeared 3 to 4 weeks
after cessation of the topical use of
gentamicin in half of these patients.
Pyocine typing ruled out patient-to-
patient transfer as a cause of perpet-
uation of these strains.

The appearance of gentamicin-
resistant P. aeruginosa after cessation
of the routine prophylactic topical
use of gentamicin was infrequent
when neither gentamicin nor tobra-
mycin had previously been used
parenterally, occurring in 2 (2%) of
82 patients. This seems comparable
to the frequency of de novo appear-
ance of resistant strains noted pre-
viously in this hospital.9 Resistant
strains tended to colonize larger
burns. Therefore, 7 years' use of
gentamicin applied to burn wounds
did not appear to produce a reservoir
of a particular resistant strain in our
bum units.

MacMillan and associates10 could
not identify environmental sources
of resistant strains but found that
these strains were confined to pa-
tients undergoing topical and sys-
temic treatment with gentamicin.
Gamon and colleagues9 cultured P.
aeruginosa from specimens from 238
patients; of the 12 patients found to
harbour resistant strains 10 had been
treated topically or systemically with
gentamicin. No evidence of in-hos-

pital spread of resistant strains could
be found. Stone and Kolb11 demon-
strated a reservoir of gentamicin-
resistant strains in the hydrotherapy
tank, particularly the aerators and
agitators, used for patients with
burns. The tank and the hands of
the nursing and physiotherapy per-
sonnel were the source of patient-to-
patient transmission of resistant or-
ganisms; however, after the prophy-
lactic topical use of gentamicin in
patients with burns was stopped the
resistant strains disappeared from the
tank.

Both MacMillan and associates10
and Stone and Kolb11 reported that
generalized sepsis did not develop in
patients from whom resistant strains
were isolated. Stone and Kolb11 noted
that no patient with resistant pyocine-
type 5 flora exhibited urinary excre-
tion of verdohemoglobin. MacMillan
and colleagues10 noted that the fre-
quency of Pseudomonas sepsis de-
creased from 84% to 0% during
the period of prophylactic gentamicin
use, and that no cases of Pseudo-
monas sepsis were fatal. In our ini-
tial study,1 in which the wounds of
25% of the patients treated pro-
phylactically with gentamicin cream
were found to be colonized with re-
sistant strains of P. aeruginosa, no
death was due to this organism. This
was true in the 1975-76 study as
well. The reasons for this might be
reduced virulence of the resistant
strains or prompt recognition of re-
sistant strains and initiation of vigor-
ous treatment to suppress their ef-
fects. Large doses of carbenicillin
(400 mg/kg daily) have been effec-
tive in controlling invasion by genta-
micin-resistant P. aeruginosa. How-
ever, the demonstrated ability of P.
aeruginosa to become resistant to

- gentamicin precludes its routine to-
pical use as a prophylactic agent in
patients with burns.

The presence of P. aeruginosa re-
sistant to gentamicin in two patients
treated with silver sulfadiazine may
have been related to the intravenous
administration of gentamicin in one
and cross-resistance between neo-
mycin and gentamicin in the other.

Gentamicin should not routinely
be used topically as a prophylactic
antibacterial in patients with burns
but should be reserved for patients
whose wounds have become colon-
ized with P. aeruginosa In our pa-
tients 3 weeks elapsed on average

after the initiation of gentamicin ther-
apy before resistant strains appeared.
This period can be crucial in a seri-
ously burned patient. In addition,
gentamicin used topically is an ef-
fective alternative prophylactic agent
for a patient allergic to sulfa drugs.

Silver sulfadiazine is currently ac-
cepted as an effective, safe antibac-
terial agent. However, careful serial
bacteriologic monitoring of the burn
wound is necessary since, as we have
demonstrated, a substantial percent-
age of patients' wounds were colon-
ized by S. aureus and gram-negative
organisms, particularly P. aeruginosa.
A search for the optimal antibac-

terial must continue. However, meas-
ures designed to augment the host's
immunologic response, removal of
the eschar as quickly and as atrauma-
tically as possible, and coverage of
the wound with autografts are equally
important.
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